Abstract-In visual search tasks with a near-threshold target amongst distracters, log detection thresholds rise in proportion to the log of the number of stimuli. Previous research has shown a very steep slope for this set-size effect where the target is a change in spatial frequency (SF) across an ISI, suggesting a low-level explanation for 'change blindness (Wright et al., 2000). Here, we analyse stimulus and task variables in order to determine the contributions of stimulus detection and attention processes. Stimuli consisted of two 150 ms frames each containing 1 to 4 Gabor targets, with an ISI of 250 ms. In a 2AFC detection task with uniform distracters, slopes of 0.23-0.52 were found, in line with visual search results. 2AFC SF discrimination tasks gave slopes of 0.68, 0.69 with homogeneous distracters and 0.76-0.96 with inhomogeneous distracters, consistent with averaging of stimuli within a frame. If the distracters were also made to change across ISI, averaging was impossible, and focal attention was required to solve the discrimination. This always gave set-size slopes > 1. It is concluded that, under conditions where a stimulus array can be analysed globally, change detection performance is limited by signal detection mechanisms, rather than limited capacity attention or memory mechanisms. However, where this is prevented, for example by changing more than one item, limitations due to attention or memory produce an even steeper set-size effect.
INTRODUCTION
Change blindness demonstrations typically use natural scenes in which there are many potential 'targets'. It is found that observers fail to detect major changes in scenes, if these occur across a blank ISI or scene shift. However, when the changes are cued, they become trivially easy to detect. In these studies a typical measure is reaction time (number of repeated presentations of the scene pairs required for detection) or percent correct of single scene pairs. Because the changes are above threshold, and easy to detect when cued, the explanations proposed have tended to emphasise limitations of attention or memory rather than perception (Rensink, 2000 a, b) .
A psychophysical approach building upon signal detection theory has in recent years made considerable progress in analysing visual search as depending upon the detection of target signals amid distracter noise. Might a similar approach succeed in the analysis of change blindness?
The psychophysical approach to visual search, as described by Palmer (2000), measures response accuracy in a single stimulus dimension (e.g. contrast or orientation discrimination thresholds) rather than indirect measures such as reaction time. To guarantee consistency and reliability of these thresholds, generally, single frame or two frame displays are used which are too brief for scanning eye movements, and discrete stimuli rather than scenes or continuous images are employed. The key measure in interpreting these psychophysical studies in multiple stimulus arrays is the set-size slope. When thresholds are plotted against number of stimuli on log-log co-ordinates, a straight line approximates to the data for a wide range of different tasks. Thus, the set-size effect slope equals the slope of this tted regression line, and explanations of the psychophysical data need to account for the set-size effect and particularly its slope. Palmer (1994) surveyed a wide range of data from visual search tasks in which the dependent variable was a psychophysical threshold for detecting the target amongst a set of similar distracters in single-frame presentations. These data were generally consistent with explanations based on the integration of information from multiple stimuli, rather than changes in the perception of individual stimuli. The idea is that every stimulus represents a new source of noisy information that contributes to the possibility of making a false positive response. The most plausible decision rule that is applied in this situation is to nd the maximum of outputs. A set-size slope of 0.25 is predicted for visual search tasks from the decision integration rule for a yes-no task indicating the presence of a target in an array of distracters. The corresponding prediction is 0.31 for the two-frame, forced-choice version of the task, in which the task is to decide which of two frames contains a target (Palmer et al., 1993) .
Discrimination tasks tend to yield higher set-size slopes than detection tasks. For example, in an orientation discrimination task, the observer had to decide (in a single frame) whether the target was tilted to the left or right of vertical, rather than to say whether or not a target was present (Baldassi and Burr, 2000) . The tilted target was placed among a varying number of vertical distracters. A log slope of 0.5 was obtained. In these circumstances, each distracter target adds noise and zero signal, so a log slope of 0.5 (square root relation) can be attributed to averaging the signal across targets. This would seem to indicate that an integrated signal is used as evidence for a rightward or leftward tilt. This was con rmed by showing that same-orientation bias added to the distracters improves discrimination but worsens localisation, and opposite-orientation bias added to the distracters worsens
